I-Introduction
Music consumption is arguably at a historic high. Due to the advent of file sharing technology individuals now possess larger music libraries than ever before, and these large music collections can be very efficiently transported. Digital music has given consumers a greater number of music listening alternatives. File sharing technology would undoubtedly be welfare-improving provided it did not displace music sales.
1 Yet sales have sharply decayed since the introduction of unauthorized downloading a decade ago. Figure 1 shows that total music revenues, including sales of both physical music (e.g. CDs) and digital music (e.g. iTunes), have dropped by 47.3% and physical sales have dropped by 58.0%. Physical Sales 1 Of course, increased consumption due to file sharing can be welfare improving even if file sharing displaces record sales. A complete welfare analysis is beyond the scope of this paper. Such a welfare analysis should incorporate other ingredients such as the effect of file sharing on other markets (e.g. music concerts) and the income elasticity of the supply of talent. Oberholzer and Strumpf (2009) present statistics showing that the number of albums created actually increased from 35,516 albums in 2000 to 79,695 in 2007, although (as acknowledged in that paper) these statistics do not control for album quality. New recording technology has substantially reduced the cost of producing albums. 2 The different units of measurement explain why physical sales levels are greater than total sales levels in Figure 1 . Sales of physical music are measured at retail prices whereas total sales (including both physical and digital sales) are measured at wholesale prices. Due to the unbalanced nature of the panel I computed total sales in Figure 1 without including information from Croatia, Bulgaria, and the Slovak Republic, and physical sales without including information from Bulgaria, the Slovak Republic, Ireland, and Venezuela. The information from these countries is only excluded from the figure but is included in the regressions below. Sales measured in domestic currency at current prices are deflated using country-level inflation indexes from the International Monetary Fund with 2000 as the base year. Sales are then converted into US dollars at the exchange rate for year 2008 (the exchange rate is measured in units of each domestic currency per US dollar).
The question that arises is what the counterfactual trends in music sales would have been in the absence of file sharing. Is the introduction of peer-to-peer file swapping the cause of the observed reduction in sales? If so, the welfare analysis must weight the value of increased music consumption against any decrease in artistic and cultural creations brought about by the diminished effective protection offered by copyright. Copyright law in the United States employs a four-factor test for judgment in copyright infringement suits. The economic question of whether or not unauthorized downloading reduces the copyright value is analogous to the legal question of whether or not file sharing violates the fourth "fair use" factor. The answer to it has thus both economic and legal importance. Ten years after the creation of file sharing technology the literature has not yet reached a definitive conclusion regarding the extent to which peer-to-peer downloading displaces record sales. 4 File sharing technology has provided consumers with a new substitute for music purchases at zero monetary cost, but has also introduced an alternative way to sample and learn about new music, which may either increase or decrease sales depending on whether or not this "music tasting" induces additional purchases. The effect of file sharing on music sales is therefore an empirical question.
This paper seeks to measure the effect of peer-to-peer downloading on music sales using up-to-date data. By making use of Internet connectedness and the speed of the Internet connections as proxies for file sharing, the approach is to study whether or not country-level music sales have decayed more rapidly in countries experiencing faster increases in the adoption of file sharing technology. I use a panel of twelve years of data containing information on music sales and Internet and broadband penetration for 49 countries. The increase in broadband penetration replacing dial-up Internet is employed in order to isolate the effect of file sharing from any other possible Internet impact on music sales unrelated to file sharing. This paper departs from the other papers in the literature in that it looks at long-term trends. The database I use does not only include information going back to a period when file sharing did not exist but also includes recent information up to the year 2008. In contrast, other papers in the literature only use information from the early file sharing years.
The findings indicate that unauthorized downloading can explain a substantial reduction in sales, ranging from approximately half of the actual reduction in sales up to the entire observed reduction. Unlike previous studies, I examine not only the effect of file sharing on physical music sales but also the file sharing effect on digital music sales. I find that peer-to-peer downloading has similar impacts on both total (combining physical sales and legal music downloads) and on physical music sales alone. I show that 3 See Klein, Lerner, and Murphy (2002) for an economic analysis of "fair use," and Landes and Lichtman (2003) for an economic analysis of the indirect liability doctrine. 4 File sharing may have also impacted other markets, for example the market for music concerts. This paper concentrates on the narrow question of the effect of file sharing on music sales. The literature has not yet reached a definitive conclusion on the answer to this narrow question. The existing estimates of the displacement effect of file sharing on record sales range from zero impact to an impact on sales larger than the observed decay in sales. File sharing might have potentially caused a decay in music sales larger than the observed one if record sales would have continued increasing in the absence of file sharing. the speed of the Internet connections is an important determinant in explaining the actual decay in music sales. The debate concerning the appropriate level of protection for intellectual property extends across multiple industries such as pharmaceuticals and software. This research, however, focuses on the music industry. The conclusions and policy implications of this paper are immediately relevant for the many industries producing digital goods, including: music, books, movies, software, television, and video games.
The outline of the remainder of the paper is as follows. The next section summarizes the literature and points out important advantages of my approach over the empirical strategy employed by existing studies. Section III lays out the empirical strategy. Section IV describes the data used in this study. Section V presents the estimation results. The final section offers some conclusions.
II-Literature Review
The literature has not yet reached a conclusion regarding the sign of the effect of file sharing on music sales. 5 Various empirical methodologies and databases have been used to quantify the effect of file sharing on music sales. One strategy is to use data at the level of the individual person or household. Zentner (2006) uses a cross section of 15,000 individuals and, by employing measures of Internet sophistication and the speed of the Internet connection as instruments for file sharing, estimates that peer-to-peer usage reduces the probability of buying music by an average of 30%. Rob and Waldfogel (2006) use individual-level data on album illegal downloads and purchases made by 500 college students. They find evidence that each album download reduces music purchases by 0.2 albums in the OLS specification, and they estimate a significantly higher displacement effect when using the speed of Internet connections as an instrument. Michel (2006) and Hong (2010) both exploit repeated cross-sections from the Consumer Expenditure Survey (CEX). They employ a difference-in-differences approach, using access to the Internet and ownership of a computer as proxies for downloading music, finding that file sharing may cause a reduction in sales of 5% and 7.6% respectively.
A second empirical strategy uses individual records as the unit of analysis. Oberholzer and Strumpf (2007) and Blackburn (2004) use within-album and across-time 5 Several studies focus on related questions. Zentner (2008) uses geographic variation to study the effect of the Internet and of file sharing on the creation and destruction of music specialty stores in the United States. Ward (2007) studies the effect of the government subsidies given to colleges and high schools for Internet infrastructure on the number of music stores. Bhattacharjee et al. (2006) analyze the effect of the legal actions against individuals on the availability of music files on file sharing networks, and Bhattacharjee et al. (2005) study the impact of file sharing on albums' survival on ranking charts. Hui and Png (2003) use country-level data for the years 1994 to 1998 and conclude that commercial piracy may also cause a decline in music sales. Krueger (2005) focuses on the effect of copying on live performances and finds that copying may erode the complementarities between album sales and concert tickets, which might have caused the observed large increase in the price of concert tickets. Mortimer and Sorensen (2005) find that file sharing may have reduced profits from CD sales but increased the profitability of live performances. Other papers study the effect of file sharing on the movie industry (for example, Rob and Waldfogel 2007 , Smith and Telang 2008 variation in sales and illegal downloads, measuring whether or not a particular album sells fewer copies in a week when the number of downloads increases. Their regressions include time invariant album fixed effects. Thus, the concern of endogeneity arises not because the general popularity level of an album may simultaneously induce more sales and downloads, but because weekly changes in the popularity of an album induce positively correlated changes in the album's number of downloads and purchases. Both papers use shocks in the supply of albums in peer-to-peer systems in order to address simultaneity. Oberholzer and Strumpf (2007) estimate that illegal downloads have an effect on record sales that is indistinguishable from zero, and Blackburn (2004) finds that illegal downloads may explain an important reduction in sales.
An album that becomes more popular in a given week is likely to experience both increased sales and increased downloads in that week. Therefore, time variation in an album's popularity induces a positive correlation between its weekly sales and downloads. Instrumental variables are employed to deal with this simultaneity. But the instruments employed in Oberholzer and Strumpf (2007) and Blackburn (2004) are arguably invalid. Oberholzer and Strumpf (2007) , use the number of German secondary school children who are on vacation in a given week as an instrument. The idea is that the supply of files available for American downloaders increases when German school children are on vacation. The number of children on vacation may, therefore, act as a cost shifter by decreasing the cost of downloading for Americans. It is arguable, however, whether or not the files available for downloading are indeed scarce. 6 The instrument used in Blackburn (2007) , the legal actions initiated by the RIAA against individuals in the year 2004, is also problematic because it is unclear whether or not individuals shifted from one peer-to-peer network to another network as a result of the legal suits. Finally, a third strategy is to use a cross-section or panel of locations. Zentner (2005) uses data for the years 1998 and 2002 and finds that countries with higher Internet penetration have suffered larger drops in music sales, and also finds some evidence that file sharing may induce a larger reduction in the sales of music types that are being shared more heavily. Peitz and Waelbroeck (2004) also use country-level information for 16 countries for the years 1998 and 2002, presenting evidence that online piracy may explain a reduction in sales. Liebowitz (2008) uses sales of music and Internet connectedness across 99 US cities for years 1998 and 2003 and concludes that file sharing induces a decline in sales of a magnitude that is at least of the size of the observed decline.
Using a panel of locations has an overlooked advantage over the use of individual-level data for quantifying the effect of file sharing on music sales. Individuals do not download music solely for their own consumption but they may make copies for their friends and family as well. In this way, many individuals who do not personally download music are also able to obtain large music collections for free. Therefore, due to file sharing, individuals who do not download music may reduce their music purchases. The use of data at the location level circumvents this problem by aiming to proxy aggregate file sharing and paid consumption at the community level.
This paper uses a panel of twelve years of country-level data. While it is possible to acquire data on record sales in American cities, I believe that using countries has several important advantages over the use of cities within the United States. This is because, as I will discuss in more detail in Section IV, measurements of Internet penetration in American cities are only available for a few years, music sales measurements for US cities have important errors, music sales and Internet penetration in US cities are defined for inconsistent geographic areas, and there is significantly more variation in the rates of adoption of the Internet and broadband across countries than across cities in the US.
III-Empirical Model
File sharing technology has provided consumers with a new substitute for music purchases at zero monetary cost. On the other hand, file sharing has also introduced a new alternative to sample and learn about new music, which may either increase or decrease sales depending on whether or not these consumers 8 like the music they hear and do not satiate with the illegal downloads -for example, because they want to consume more music from the same band or because they want a higher sound quality. Unless these competing forces have exactly cancelled each other, file sharing is expected to have caused a shift in the demand for paid music. The specific characteristics of the market determine the extent of the file sharing impact on both prices and quantities of paid music. Unlike previous research that uses only quantities as the variable of analysis I will use revenues. The advantage is that the impact of file sharing on revenues, and not only on quantities, correctly gauges any reduction that file sharing might have caused in the effective protection offered by copyright. Additionally, using revenues allows the aggregation of sales in different music formats (CD albums, singles, cassettes, LPs, downloads, music videos, and some high resolution discs -e.g. super audio CDs).
The interest is in determining the impact of file sharing on music sales (revenues). I study whether or not aggregate music sales have decayed more rapidly in countries experiencing faster increases in the adoption of file sharing technology. I employ a fixed effect model of the following form:
where S it stands for sales of music in country i and year t, FS stands for file sharing, X is a vector of country-level and time-varying controls, t α is a year fixed effect, and i ϕ is a country fixed effect. Time fixed effects control for changes over time in the environment (e.g. opening and closings of peer-to peer sites, lawsuits against individuals practicing file sharing, and technological changes). 9 Country fixed effects account for time invariant factors that may be specific to each country, for example the size, language, attitude toward piracy, and level of organized piracy.
Unfortunately, Model (1) cannot be estimated because country-level estimates of file sharing are not available. I will first assume that the relationship between the share of peer-to-peer users in the population and Internet penetration has the following form:
where I it is Internet penetration in country i and year t. This paper will use data that goes back to a period when file sharing did not exist; before the foundation of Napster in 1999 file sharing was an obscure activity and one in which very few individuals participated. For these early years, (2) assumes that file sharing is zero. After the birth of file sharing (2) assumes that file sharing is proportional to the level of Internet penetration.
Substituting (2) into (1) 
The interest is on the size of the coefficient β measuring the effect of file sharing on music sales. Using (3) I am able to estimate βλ . Under the assumption that the Internet can be correctly excluded from Model (1), βλ is equivalent to the effect of file sharing on music sales up to a scale factor.
In this empirical model the identifying condition for using Internet penetration as a proxy for file sharing is that Internet penetration does not explain aggregate sales of music for reasons unrelated to file sharing. This assumption is analogous to the identifying assumption in some papers in the literature that use Internet connectedness as a proxy for file sharing (for example, Zentner 2005 and Liebowitz 2008) . However, the Internet may in itself be a substitute for music purchases for reasons unrelated to file sharing because, for example, individuals may not listen to records while they are browsing the web. In this case, the exclusion of the Internet variable from (1) would be invalid and the coefficient on the Internet variable in Model (3) would overestimate any negative impact of file sharing on music sales. Listening to records is not a foreground activity, however, making it both possible and likely for individuals to multitask; i.e. listen to records while they surf the Internet. If this is the case then sales of music and being online would be complements rather than substitutes, and estimates of (3) would underestimate any negative impact of file sharing on music sales.
If the Internet as an entertainment medium diverts consumers from buying records then the exclusion of the Internet variable from Model (1) is invalid, and using it as a proxy for file sharing would lead to an overestimation of the effect of file sharing on music sales. Any displacement of music sales due to the Internet as an entertainment medium itself would be incorrectly attributed to file sharing.
Two factors suggest that the Internet might have, more recently, become a substitute for music purchases for reasons unrelated to file sharing. First, individuals may reduce their record listening while they surf Internet websites that carry sound. Accordingly, individuals might have decreased their purchases of records in recent years as websites of this type have gained popularity (e.g. YouTube). Second, the development of sites that offer substantial amounts of music for free (e.g. Pandora) might have also decreased the need to buy records. These two factors may invalidate the exclusion of the Internet variable from Model (1) and lead to an overestimation of the displacement effect of file sharing on music sales. In order to address this concern I will study whether or not the impact of the Internet on music sales has changed before and after the introduction of these new generation websites that carry sound (see the appendix).
10 These regressions in the appendix also study whether or not the file sharing effect changed over the period of study due to changes in the environment (e.g. opening and closing of peer-to peer sites, lawsuits against individuals practicing file sharing, and technological changes).
For the period of time preceding the introduction of these new generation websites that carry sound (e.g. YouTube or Pandora), the magnitude of the displacement that the Internet had on television viewing may be considered an upper bound of any overestimation of the effect of file sharing on music sales that using the Internet as a proxy for file sharing might create. This is because television viewing is more of a foreground activity than listening to records. For example, it seems far less likely that people watch television (on a traditional TV) at the same time as they read the newspaper online, than that people listen to records while they read the newspaper online. The upper bound is not valid after the introduction of the new generation of websites that carry sound because websites that carry sound restrict the ability to listening to purchased music while surfing the Internet. In the US, aggregate television viewing has decayed only slightly since the mid 1990s. Furthermore, using data for the years 1995 through 2003 Liebowitz and find that Internet use by individuals younger than 34 years of age caused a moderate reduction on their television viewing (a 18% viewing reduction), while the Internet use of older people had no impact on their television viewing. Therefore, the exclusion of Internet connectedness from Model (1) does not appear to be an unreasonable assumption, at least for the earlier file sharing years.
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The speed of Internet connections may help isolate the effect of the Internet as an entertainment medium and the effect of the Internet as a proxy for file sharing. 
includes the level of broadband penetration BB it as an additional covariate. Many leisure and entertainment activities that the Internet allows do not require a high-speed connection (e.g. reading the news online). But a broadband connection is essential for downloading large quantities of music files. Including both the Internet and broadband in the regressions may help to control for the effect of the Internet itself unrelated to file sharing. Conditioning on the Internet penetration level allows controlling for any positive or negative effect of the Internet for reasons unrelated to file sharing (either as an entertainment medium or as a promotional channel); the broadband coefficient is identified with the variation in broadband adoption by former dial-up Internet users. An increase in broadband Internet penetration must replace dial-up Internet when the level of total Internet penetration is being held fixed in the regression
If broadband is used as a proxy for file sharing, then the identifying assumption (as with many papers in the literature that use broadband as a proxy or an instrument for file sharing, for example, Zentner 2006 , Rob and Waldfogel 2006 , and Hong 2010 is that broadband can be excluded from Model (1), conditional on the level of Internet penetration. 12 The Internet coefficient identifies the effect of increasing dial-up Internet penetration while holding broadband Internet penetration fixed.
11 Before 2003 the upper bound should be the impact of Internet use by young people on their television viewing, because young people consume a large fraction of total music sales. Therefore, the upper bound is on the order of 18%. 12 A potential shortcoming of using Internet and broadband as proxies or instruments for file sharing is that having an Internet or broadband connection is a choice for individuals and this choice may be potentially related to music purchases. For example, when using cross sectional data, employing broadband as a proxy or an instrument for file sharing would lead to an underestimation of the impact of file sharing on music sales if consumers with an unobserved strong preference for music are more likely to acquire a broadband connection. This is because their music purchases may decay substantially due to file sharing, but they may still purchase some music or even more music than individuals without broadband connections and low (unobserved) music taste. Rob and Waldfogel (2006) circumvent this second difficulty by employing broadband access variation at the school level as an alternative instrument, in addition to individual-level self-reported broadband access. The Internet may as well stimulate music sales by providing a new sales or promotional channel (see Telang 2009 and . My estimates without including broadband as a covariate would underestimate the effect of file sharing on music sales to the extent that this is an important factor. Variation in the speed of the Internet connection may serve to distinguish this effect from the file sharing effect -as a broadband connection is necessary to download
IV-The Data
This paper seeks to empirically measure the effect of file sharing on music sales using a panel of countries. I acquired data on music sales from the International Federation of Phonographic Industry (IFPI) from 49 countries for the years 1997 to 2008. 13 The data contains two music sales variables. The first variable lists total music sales including physical sales (e.g. CDs) and digital sales (e.g. iTunes) measured at trade (wholesale) value. The second variable lists only physical sales (including sales of CDs ordered via the Internet, e.g. Amazon) measured at retail (consumer) value. 14 Note that total and physical sales per capita experienced similar percentage decays, 55.9% and 60.0%, respectively. The apparent contradiction between Table 1 and Figure 1 , that shows a more rapid decay of physical sales than of total sales, is explained by the infant level of development of the digital music market in countries with low weights in International music sales. Excluding the United States and Japan from global sales, Figure 1 would show that total and physical sales have experienced similar rates of decay: 53.2% and 58.7%, respectively. 15 The data for the US and Japan shows a much steeper decline of physical sales than of total sales; this may suggest that legal downloads are a substitute for physical music purchases. 16 A high displacement rate of physical purchases by legal downloads would indicate that consumers do not attribute a high value to the additional attributes of physical CDs, such as the CD case including printed booklets with information regarding the artist, pictures, and lyrics. significant amounts of music files but may not be required to learn about music and buy physical music online (e.g. buy physical CDs from Amazon). 13 The countries are: Argentina, Australia, Austria, Belgium, Brazil, Bulgaria, Canada, Chile, China, Colombia, Croatia, Czech Republic, Denmark, Ecuador, Finland, France, Germany, Greece, Hong Kong (China), Hungary, India, Indonesia, Ireland, Italy, Japan, Malaysia, Mexico, Netherlands, New Zealand, Norway, Peru, Philippines, Poland, Portugal, Russia, Singapore, Slovak Republic, South Africa, South Korea, Spain, Sweden, Switzerland, Taiwan (China), Thailand, Turkey, the United Kingdom, the United States, Uruguay, and Venezuela. 14 Sales measured in domestic currency at current prices are deflated using country-level inflation indexes from the International Monetary Fund using 2000 as the base year. Sales are then converted into US dollars at the exchange rate for year 2008 (the exchange rate is measured in units of each domestic currency per dollar). Due to the unbalanced nature of the panel I computed the total sales in Table 1 and Figure 1 without including information from Croatia, Bulgaria, and the Slovak Republic, and physical sales without including information from Bulgaria, the Slovak Republic, Ireland, and Venezuela. However, the regressions below include the data from all countries. 15 In 2008, total music sales in the US and Japan represented 22.4% and 18.4% of the global total sales, respectively. 16 I cannot compute the revenues from sales of legal downloads by country because total sales and physical sales are measured in different units (trade prices versus retail prices). An alternative to using data by countries is to use data by cities within the US. This can be done by combining data on music sales in US cities from Nielsen with citylevel data on Internet penetration from the Census. Using data by countries has, however, important advantages.
Nielsen tracks sales of music by sampling retail stores that sell music, and thus the data does not include the entire universe of retailers.
17 Importantly, the retail landscape has changed very rapidly and significantly in the past decade. Due to these unprecedented changes in the retail business it is likely that the data contain large errors in the year-to-year measurements if there are lags between the time when the changes in the retail outlet composition take place and the time when they are accounted for by Nielsen's methodology. Record companies, which are much fewer than retail stores, directly report data on sales to their local music association and this information is compiled by the IFPI. Therefore, the data I use has the advantage of not being affected by the massive changes in the retail landscape taking place over the past decade.
Moreover, Nielsen's data on sales of records in American cities are defined using a geographical definition called "Designated Market Area" (DMA). On the other hand, Internet penetration from the Census is defined using a geographical definition called "Metropolitan Statistical Area" (MSA). These two geographic definitions are inconsistent, which introduces an additional source of error.
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17 Nielsen currently samples 20,000 stores within the US and claims that this figure represents more than 90% of total over-the-counter music sales in the country. The sample size was of 14,000 stores in 1999 according to Fine (2000) . The data is collected primarily from electronic scanners. Nielsen claims to assign Internet sales to cities based on the zip code where the CD is delivered. Information on non-retail outlets such as record clubs and direct selling on television is not included, and accounted for 25% of sales in the US in the late 1990s. 18 The overlap between these two geographies is greater than 75 percent for only 40 out of the 99 US cities where Nielsen tracks music sales data.
The data used in this paper have another important characteristic. Sales of legal downloads are likely to be a substitute for physical sales. Countries with more rapid increases in Internet penetration rates may experience faster drops in physical music sales only because individuals substitute physical music purchases for legal downloads -e.g. they download an album from iTunes instead of buying the physical CD. Using total music sales, including both physical sales and legal downloads, allows circumventing this difficulty.
This paper combines the data on music sales with data on Internet and broadband usage by country from the International Telecommunication Union (ITU). Table 1 shows that Internet and broadband penetration have increased steadily over the past decade. Music sales and Internet and broadband connectedness have opposite trends. For this reason time fixed effects in the regression are warranted. Otherwise the identification would not arise from idiosyncratic variation in connectedness within countries from year to year, but would instead derive from aggregate variation in Internet penetration over time.
The data reveals that Internet and broadband penetration across countries has large variation. Substantial idiosyncratic variation in the rates of adoption of the Internet provides a high contrast that is essential for identification. This is another advantage of using countries instead of cities within the US. Although there is variation in the Internet adoption rates across cities within the US, the variation in the Internet adoption rates across countries is massive. Furthermore, measurements of Internet penetration for US cities are only available for a few years (2000, 2001, 2003, and 2007) .
Finally, I also use a panel of data including information on software piracy by country from the Business Software Alliance (BSA) in order to attempt to control for idiosyncratic (country-level) changes in both police efforts and legal systems (since changes in regulations and efforts might have similar impacts on music and software piracy), a panel of data on cell phone penetration from the ITU, 19 and panels of data on GDP, inflation, population counts, and exchange rates from the World Bank and the International Monetary Fund.
20 Table 2 shows some additional descriptive statistics and the appendix shows simple correlations of the variables.
19 It is feasible to download pirated copies of songs using the iPhone and other newer smartphones, but it was not feasible (from a practical standpoint) to download substantial amounts of music with older generation Internet-capable cell phones since their Internet and physical capability was primarily restricted to mobile email. . 20 The tables below show that the software piracy variable does not affect the regression estimates of the Internet and broadband variables. Software piracy is measured as the percentage of software sales lost due to piracy. A demand for new software is estimated using the number of personal computers (PCs) and an estimated ratio of software to PCs in the US market. The supply of software is estimated with shipments data from BSA member companies. Piracy is defined as the difference between software demand and software legally supplied. BSA members include producers of commercial software (Microsoft, Apple, Intel, and IBM among others). Cell phone penetration can be larger than 100% because some individuals have more than one cell phone line and because there are many prepaid cell phone customers in some 
V-Estimation Results
I first study the effect of file sharing on total music sales per capita. Table 3 presents estimation results. The results in Column I show a statistically significant and economically large impact of broadband on total music sales and no impact of the Internet penetration variable. The regression in Column I allows to hold fixed the level of Internet penetration and thus controls for any positive or negative effect of the Internet unrelated to the speed of the Internet connection. The broadband coefficient is identified with the variation on broadband adoption replacing dial-up Internet. The regression suggests that the speed of the Internet connection is an important determinant in explaining the decay in sales. The coefficient indicates that an increase in broadband penetration from zero to 100% would decrease total music sales by US$45.9 per capita. This is, of course, an out of the sample extrapolation since a country with 100% broadband penetration does not exist. Average broadband penetration in 2008 was 16.3%. Broadband penetration can consequently explain a decrease in per capita sales of US$7.4. Music sales per capita have decayed US$8.5 since the creation of Napster. Therefore, according to the estimates in this column file sharing can explain most of the actual decrease in music sales (87% of the decrease).
European countries. Prepaid cell phone lines retain their status for three months following the expiration of their card, while these lines are still able to receive calls. Some individuals replace their cell phone lines several times in any given year. Exchange rates are measured in units of each foreign currency per US dollar. An inflation index from the International Monetary Fund is used to deflate the music sales measured in domestic currency at current prices. The regressions include country and year fixed effects. The mean of the dependent variable is $11.1 per capita. Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% Table 3 In addition to the Internet and broadband penetration variables, the regression in Column I includes variables on GDP per capita (logarithm of US$ per capita), the exchange rate (in logarithm), and population, as well as country and years fixed effects. It is important to include the exchange rate as a covariate in order to control for any idiosyncratic variation over time in the value of the US dollar against other currencies.
Fixed Effects Regressions on Total Music Sales -Panel of Years 1997 through 2008
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The regressions include the logarithm of the exchange rate because its units of measurement vary widely across countries. For example, the Uruguayan currency devalued from $9.44 per US dollar in 1997 to $20.9 per US dollar in 2008; the Euro revalued from 0.89 Euros per dollar in 1998 to 0.68 Euros per US dollar in 2008. It is more sensible to compare percentage changes in exchange rates because a unitary change in the Euro-US dollar exchange rate represents a much larger change than a unitary change in the Uruguayan $-US dollar exchange rate.
22 A 10% increase in the GDP per capita increases sales by US$0.15 and a devaluation of the domestic currency of 10% increases sales by US$0.18.
23 Changes in population do not have a statistically significant impact on music sales. 21 The exchange rate is measured in units of each domestic currency per US dollar in each year. The appendix shows regressions using sales measured in current dollars instead of the exchange rates for the year 2008 as the dependent variable. The results from these regressions are similar. 22 The GDP is included in logarithms for a similar reason. For example, a change of one thousand US dollars in the GDP represents a much important increase in the level of development of a poor country than of a rich country. Different measurements of GDP (e.g. in constant PPP US dollars) and different specifications (including the GDP level and its square rather than the logarithm of the GDP) give similar results. Some of these results are available below and in the appendix. 23 It is not clear what the expected sign of the effect of a depreciation of the domestic currency on music sales measured in the domestic currency should be. For example, if music is a non-tradable good and prices are determined in the domestic currency, then a devaluation of the currency reduces the price of music relative to the price of tradable goods. This may lead to an increase in sales of music. The results are not affected if the exchange rate is excluded from the regressions.
Not including Internet penetration as covariate, as in Column II, shows results that are similar to those in Column I. Column III only includes the Internet penetration variable, not distinguishing for the connection speed. The Internet penetration variable in Column III becomes negative, statistically significant, and economically large. Average Internet penetration was 49.4% in 2008. Then, the coefficient indicates that Internet penetration can explain a US$5.6 reduction in total sales per capita. This represents approximately 66% of the US$8.5 observed reduction in total sales per capita. The effects of the GDP and exchange rate variables change slightly compared with the previous two columns. A 10% increase in the GDP per capita increases sales by US$0.53 and a devaluation of the domestic currency of 10% increases sales by US$0.47 (compared to US$0.15 and US$0.19 respectively in Column 2).
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Column IV attempts to control for idiosyncratic trends in other forms of piracy unrelated to file sharing and for idiosyncratic trends in cell phone penetration. Controlling for country-specific and time-varying software piracy and cell phone penetration rates does not alter the conclusions. In Column V I use a different specification for the effect of GDP on music sales, including both the GDP level and its square as covariates. 25 The coefficient on the broadband variable in this regression can explain a reduction of US$4.9 in total sales per capita, which represents 58% of the actual decay in sales.
Countries with more rapid increases in Internet penetration may experience faster drops in physical music sales only because individuals substitute physical music purchases for legal download purchases. Studying total music sales rather than just physical sales, as done in Table 3 , has the advantage of avoiding this potential problem. But, since physical sales have typically been the object of analysis, in Table 4 I study the effect of file sharing on physical music sales per capita, without including legal downloads. Comparing the size of the broadband coefficients in Columns I of Tables 3 and 4 may suggest that the impact of file sharing is larger on physical sales than on total sales. However, this is not the case. The difference in the size of these coefficients arises from the different units of measurement of the dependent variables used in Tables 3 and  4 . Mean per capita physical music sales in the data are US$17.6. Physical sales are higher than total sales, averaging US$11.1 per capita, because physical sales are measured at retail value while total sales are measured at wholesale value. The regression results in Column I show that broadband has both a large and statistically significant impact on 24 It is not clear what the expected sign of the effect of a depreciation of the domestic currency on music sales measured in the domestic currency should be. For example, if music is a non-tradable good and prices are determined in the domestic currency, then a devaluation of the currency reduces the price of music relative to the price of tradable goods. This may lead to an increase in sales of music. The results are not affected if the exchange rate is excluded from the regressions. 25 In this specification the partial effect of the GDP on music sales is a function of the GDP level. Because it allows for a non-linear effect of GDP on music sales, this specification may help better control for the effect of GDP on music sales (and for any other unobserved idiosyncratic trend affecting music sales and correlated with GDP). In a regression with country and year fixed effects, changes in GDP are an important predictor of changes in Internet penetration. I tried other specifications for the GDP variable (e.g. including the square of the logarithm of the GDP) and they all give coefficients on the broadband variable that are within the bounds of the estimates presented in this paper. physical sales. Physical sales per capita decayed US$14.1 per capita since the creation of Napster until 2008. According to Column I, a broadband penetration of 16.3% can explain a reduction in sales of US$13.1. Therefore, although the size of the coefficient may suggest that the file sharing impact on physical music sales is larger than on total sales, Column I on both Tables 3 and 4 indicate that file sharing can explain approximately the entire actual reduction in sales (87% versus 92%).
The economic effects of the GDP and the exchange rate are similar to those in Table 3 ; the coefficients are larger because the mean of the dependent variable is also greater. Changes in population do not have a statistically significant impact on physical music sales. Not including Internet penetration as a covariate, as in Column II, does not alter the conclusion. Excluding broadband as a covariate shows that Internet penetration can explain a large and statistically significant reduction in music sales (US$10.3=49.4*0.21), which represents 73% of the US$14.1 actual decrease in physical sales. Controlling for country-specific trends in software piracy and cell phone penetration also does not change the conclusions substantially (Column IV). As in Column V of Table 3 , Column V of Tables 3 and 4 are not directly comparable Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%
Table 4 Fixed Effects Regressions on Physical Music Sales -Panel of Years 1997 through 2008
As argued before, countries with more rapid increases in Internet penetration may experience more pronounced drops in physical music sales than in total music sales only because legal downloads displace physical purchases. Table 1 showed that physical sales per capita suffered only a slightly more pronounced percentage reduction than total music sales. Comparing the results of the regressions in Tables 3 and 4 shows that broadband explains only a slightly larger percentage of the actual reduction in physical sales than of the actual reduction in total sales. The similar impact of file sharing on physical and total music purchases may be explained by the low level of development of digital sales in all but a few countries.
VI-Conclusions
Ten years after the creation of file sharing technology the literature has not yet reached a conclusion regarding whether or not file sharing displaces record sales. This paper has looked at the response of music sales to file sharing by examining long-term trends on music sales at the country level for a twelve year period that not only goes back to a time when unauthorized downloading did not yet exist but also includes recent information up to the year 2008. I have used broadband and Internet penetration as proxies for file sharing and found that the speed of the Internet connection is an important determinant in explaining the observed reduction in music sales. I have presented regressions studying the effect of broadband on music sales conditional on Internet penetration. This allows controlling for any positive or negative effect of the Internet by itself unrelated to file sharing, since in these regressions the broadband coefficient is identified with the variation on broadband adoption replacing dial-up Internet. I have discussed the advantages of the empirical approach employed in this paper over the approaches used by existing studies.
My results indicate that file sharing may explain a substantial fraction of the drop in music sales observed over the last decade. I also find that the size of the impact of broadband is similar on physical sales and on total sales, including both legal downloads and physical sales. This latter result may be explained by the infant level of development of legal downloads in most countries included in the sample.
The findings of this paper suggest that unauthorized downloading has reduced the market value of copyrighted musical works by economically large magnitudes. The massive increase in music consumption caused by file sharing over the last decade must be weighted against any reduction in music creation caused by the decline in the market due to file sharing. The extent to which the reduction in the copyright value results in diminished artistic and cultural creations is yet to be known. 26 information on music sales corrected by domestic inflation and measured in current US dollars rather than using information on sales corrected by domestic inflation and measured in 2008 constant dollars. Column III of Table A1 indicates that broadband can explain a decrease in total per capita sales of US$3.04. Actual sales measured in current dollars decayed by US$6.34. Therefore, according to the regression in Column III of Table A1 broadband can explain 48% of the actual decrease in total music sales per capita. Column III of Table A2 indicates that broadband explains a drop in physical music sales of US$6.1, which represents 55% of the US$11.1 decrease in physical sales per capita measured in current US dollars. The regressions include country and year fixed effects. The coefficients in the first two columns are not directly comparable to the coefficients in the final column because the dependent variables are measured in different units. The mean of the dependent variable is $11.1 per capita in Column I, $10.0 in Column II, and $9.1 in Column III. Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% The regressions include country and year fixed effects. The coefficients in the first two columns are not directly comparable to the coefficients in the final column because the dependent variables are measured in different units. The mean of the dependent variable is $17.6 per capita in Column I, $15.8 in Column II, and $14.3 in Column III. Note that physical sales and total sales are measured in different units (trade and retail values). Therefore, the coefficients from Tables A1 and A2 are not directly comparable Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% Table A3 separates the period of analysis into two periods: before 2003 and after 2003. There are at least three reasons that suggest separating the study period in this year may provide useful information. First, as discussed in Section III, the introduction and gains in popularity of new generation websites that carry sound (e.g. YouTube) and websites that offer music for free (e.g. Pandora) might have transformed the Internet into a substitute for music purchases for reasons unrelated to file sharing over the period of analysis. Studying how broadband connectedness displaced music sales both before and after these newer developments may provide greater confidence regarding the exclusion of the broadband variable for reasons unrelated to file sharing from Model (1) (conditional on the Internet penetration level).
Fixed Effects Regressions on Physical Music Sales
29 Second, separating the study period may also provide some clues on how the introduction of second-generation file sharing technology (e.g. BitTorrent) affected music sales. 30 This technology has revolutionized the file sharing of movies since it has made the sharing of large files feasible (from a practical standpoint) by partitioning these files into several pieces. Finally, legal downloads gained popularity after 2003 (iTunes was introduced in 2003). Comparing the effect of broadband on total sales and on physical sales after 2003 may inform us regarding the effect of legal downloads on physical sales.
The regressions in Table A3 show that the broadband coefficients do not change significantly before and after 2003. Although the differences between the coefficients before and after 2003 are not statistically significant, it is interesting that the effect of broadband on physical sales per capita increases while the effect on total sales decreases. An increase in the broadband effect on physical sales after 2003 may be explained by both the use of a better file sharing technology and the growth of legal downloads. The regressions include country and year fixed effects. The mean of the dependent variable is $13.2 per capita in Column I, $8.2 in Column II, $21.1 in column III and $12.7 in Column IV. Note that physical sales and total sales are measured in different units (trade and retail values). Therefore, the coefficients in the first two columns and the last two columns are not directly comparable Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% 
